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ABSTRACT. The Friends of Lake Keowee Society
(FOLKS) has been monitoring fecal coliform (FC)
bacteria levels in feeder streams of Lake Keowee,
Oconee County, South Carolina, since 2000, in part
through two Clean Water Act (CWA) Section 319 grants.
Two of the streams, Cane and Little Cane Creeks, had
been on the state’s CWA 303(d) list for violation of FC
standards since 1998. The objective of the resulting
Total Maximum Daily Load (TMDL) issued for the two
streams was to restore the water bodies to compliance
with the South Carolina FC recreational use standard of
200 cfu/100 mL (geometric mean of five consecutive
samples within a 30-day period with < 10% of samples
>400 cfu/100 mL).
Through various cost-share
mitigation measures administered by FOLKS and
Clemson University from 2006 through 2008, Cane
Creek came into compliance and Little Cane Creek
remained just out of compliance, with cattle and humans
being the predominant sources of FC contamination. In
2011, FOLKS conducted its third annual post-grant FC
monitoring of Cane and Little Cane Creeks, in addition to
first-time FC monitoring status of other Lake Keowee
feeders: Little River, Little Eastatoe River, and the
Eastatoe River. Cane Creek, Little River, and the
Eastatoe River were in compliance. Little Cane Creek
was borderline compliant (203 cfu/100 mL). No single
FC value for these four streams exceeded 400 cfu/100
mL. However, the Little Eastatoe River was well out of
compliance, with an FC count of 515 cfu/100 mL and
four of five individual values >400 cfu/100 mL. This
latter result is of concern due to the upstream proximity
of FOLKS’ sampling station to the Long Shoal
Recreation Area, and may necessitate further assessment
(e.g., FC source identification) and implementation of
mitigation measures. These data are important for
understanding the FC compliance status of the five major
Lake Keowee feeder streams and may be useful in the
current five-year Keowee-Toxaway hydro plant
relicensing project.

INTRODUCTION
Lake Keowee is an 18,500-acre reservoir in
northwestern South Carolina, constructed in 1971 as part
of Duke Energy’s Keowee-Toxaway (K-T) Complex to
provide a source of energy and recreation to the Upstate.
In 1993, the Friends of Lake Keowee Society (FOLKS),
a 501c (3) public service watershed organization, was
established to focus attention on the importance of Lake
Keowee and its watershed to the economic and
recreational well-being of the Upstate, and to raise
awareness for the need to protect this unique resource.
Accordingly, FOLKS has been monitoring fecal coliform
(FC) bacteria levels in feeder streams of Lake Keowee
since 2000, in part through two Clean Water Act (CWA)
Section 319 grants.
The last grant focused on Cane and Little Cane Creeks,
which had been on the state’s CWA 303(d) list of
impaired water bodies for violation of FC standards since
1998. The total maximum daily load (TMDL) for these
steams called for a reduction of about 70% in total FC
loads through implementation of agricultural best
management practices (BMPs), failed rural septic system
rehabilitation/replacement, storm-water management,
and educational outreach. The grant objective was to
restore both creeks to compliance with the state FC
standard for recreational use of 200 cfu/100 mL
(geometric mean of five consecutive samples within a
30-day period with < 10% of samples >400 cfu/100 mL).
Results of the Cane and Little Cane Creeks study were
presented in Huddleston et al. (2008). The grant ended
January 31, 2009. In summary, through various costshare mitigation measures, Cane Creek came into
compliance and Little Cane Creek remained out of
compliance, with cattle and humans being the
predominant sources of FC contamination.
In the summer of 2011, FOLKS completed its third
annual post-grant monitoring of FC compliance status of
Cane and Little Cane Creeks. In addition, FOLKS
expanded the effort to include FC characterization of
three other major feeder streams to Lake Keowee: Little
River, Little Eastatoe River, and Eastatoe River. The

purpose of the 2011 study was to provide South Carolina
Department of Health and Environmental Control
(SCDHEC) and Duke Energy with FC compliance status
for the five streams, and to reliably assesses feeder
stream FC contributions to Lake Keowee as may be
needed in Duke Energy’s five-year K-T hydro plant
relicensing project and associated water quality modeling
efforts. FOLKS is a stakeholder in the K-T relicensing
project and an active member of its Water Quality
Resource Work Group. This paper reports on the FC
status of the five major Lake Keowee feeder streams
based on FOLKS’ 2011 sampling efforts.

and the Eastatoe River were well within compliance of
the SCDHEC FC recreational use water quality standard
of 200 cfu/100 mL. Little Cane Creek was near
compliance (203 cfu/100 mL). No single FC value for
these four streams exceeded 400 cfu/100 mL. However,
the Little Eastatoe River was out of compliance with a
FC geometric mean of 515cfu/100 mL and four of five
individual FC values over 400 cfu/100 mL. The latter
result is of concern because FOLKS’ Little Eastatoe
sampling station is approximately 0.75 miles upstream of
the Long Shoal Recreation Area on Lake Keowee. This
finding may necessitate further assessment (e.g., FC
source identification) and implementation of mitigation
measures.

PROJECT OBJECTIVES

Table 1. Fecal coliform counts1 (cfu/100 mL) in the five
feeder streams of Lake Keowee, 2006 to 2011.

This study was undertaken to satisfy two FOLKS selfimposed obligations: 1) to provide SCDHEC with a third
annual post-grant monitoring of the fecal coliform water
quality compliance status for Cane and Little Cane
Creeks; and 2) to provide both Duke Energy and
SCDHEC with 2011 FC compliance status data for the
five highest-flow feeder streams to Lake Keowee.

2006

2007

2008

2009

2010

2011

Cane
Creek

1512

167
(n=15;
0>400)

139
(n=10;
0>400)

88
(n=7;
0>400)

194
(n=8;
1>400)

135
(n=8;
0>400)

Little
Cane
Creek

1203

260
(n=15;
0>400)

326
(n=12;
5>400)

128
(n=7;
0>400)

232
(n=8;
1>400)

203
(n=8;
0>400)

Little
River

-

-

-

-

-

89
(n=7;
0>400)

Eastatoe
River

-

-

-

-

-

91
(n=5;
0>400)

Little
Eastatoe
River

-

-

-

-

-

515
(n=5;
4>400)

METHODS
Experimental design, sampling, and analytical
methods followed Huddleston et al. (2008). In summary,
surface water grab samples (a minimum of five samples
over a 30-day period between June and August) were
collected at base flow not less than 48 hours after a
rainfall event exceeding 0.25 inches using sterile 250 or
500-mL Nalgene polypropylene bottles. Samples were
collected approximately three feet from the bank and
approximately six inches below the water surface, or at
the surface if the stream was less than one foot deep.
Care was taken not to disturb bottom sediment. Each
sample was labeled with time, date, location, and
initialed by the sampler. All sampling locations were
marked using a hand-held global positioning system.
Samples were placed on ice in coolers at 1 to 4 °C and
transported to the participating laboratories within four
hours of collection.
Chain of custody forms
accompanied all samples. Quality assurance/quality
control included split samples analyzed at independent
laboratories, trip blank samples, and temperature blanks.
Fecal coliform analyses were conducted using a
membrane filter method based on Standard Methods for
the Examination of Water and Wastewater 9222D
(APHA, 2005).
RESULTS AND DISCUSSION
Based on 2011 FC results and computed geometric
means presented in Table 1, Cane Creek, Little River,

1

Values are geometric means of five consecutive samples within 30
days.

The FOLKS Cane and Little Cane Creeks TMDL grant
ended January 31, 2009. However, many of the key
BMPs identified and funded under the grant were not
fully implemented until the spring and summer of 2009.
Therefore the 2009 results reported here (Table 1)
represent the first evaluation of the grant’s effectiveness
in restoring Cane and Little Cane Creeks to FC
compliance. In 2010, the FC geometric mean (194
cfu/100 mL) was just below the standard, while Little
Cane Creek was above (232 cfu/100 mL).
FC
concentrations in both streams decreased again in 2011
(Table 1).
In summary, BMPs implemented under the Cane and
Little Cane Creeks TMDL have been effective in

bringing the Lake Keowee feeder streams into or near
compliance.
The Little Eastatoe River is out of
compliance and should be further monitored to identify
potential FC sources and to implement source reduction
measures. Because all data presented here were obtained
under the strict SCDHEC FC sampling, chain of custody,
and quality assurance/quality control conditions, the data
should be useful to SCDHEC to define/certify the current
FC compliance status for the five streams. Duke Energy
should also be able to utilize the data to reliably assess
current FC input to Lake Keowee as part of its K-T
Relicensing Water Quality Modeling efforts.
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